Strain Stiffening Induced by Molecular Motors in Active Crosslinked Biopolymer Networks  by Chen, Peng & Shenoy, Vivek B.
Wednesday, March 9, 2011 595acontrols. Light and transmission electron microscopy reveals focal segmental glo-
merulosclerosis with thicker basement membranes and abnormal podocytes. Some
of the mutant mice also have lens abnormalities consistent with early cataract for-
mation.Our results show thatevenheterozygousmutations in themouseMyh9gene
can reproduce humanMYH9-related diseases. These mouse models should be use-
ful in understanding the pathophysiologyof humanMYH9-relateddiseases and also
in designing and developing therapeutic stratagies.
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Force Amplification Response of Actin Filaments under Confined
Compression
George W. Greene.
Actin protein is a major component of the cell cytoskeleton and its ability
to respond to external forces and generate propulsive forces through the po-
lymerization of filaments is central to many cellular processes. The mech-
anisms governing actin’s abilities are still not fully understood due to the
difficulty in observing these processes at a molecular level. Here we de-
scribe a new technique for studying actin-surface interactions using a Sur-
face Forces Apparatus which is able to directly visualize and quantify the
collective forces generated by adsorbed layers of non-interconnected, end-
tethered actin filaments confined between two (mica) surfaces. We also
identify a new force-response mechanism in which filaments stiffen under
compression to produce an increase in the filament bending modulus and
an amplification in the elastic opposing forces. This elastic stiffening mech-
anism enables actin filaments to both sense and respond to compressive
forces without additional mediating proteins providing insight into the po-
tential role compressive forces play in many actin and other motor protein
based phenomena.
3216-Pos Board B321
Structure and Mechanical Properties of Actin Networks Crosslinked with
Mutually Interacting Crosslinkers
Brian Grooman, Ikoku Fujiwara, Carol Otey, Arpita Upadhyaya.
Cells regulate their movement and mechanical properties by adjusting the con-
centrations and compositions of actin crosslinking proteins. Reductionist ap-
proaches where purified components are isolated from the cell and studied in
vitro have yielded insights into how crosslinkers determine the structure and
mechanics of actin networks. In this way, the viscoelastic properties of an actin
network with one or more cross-linkers can be explored, and the behavior of the
cross-linkers can be better understood. Despite a large body of work on singly
crosslinked actin networks, few experiments have been carried out with multi-
ple cross-linkers, and of these, none have used two cross-linkers that can bind to
each other as well as actin filaments. Alpha-actinin and palladin are two such
mutually interacting actin crosslinking proteins that are abundant in stress fi-
bers and focal adhesions in cells. In this series of studies, we measure the de-
pendence of the morphology and rheology of actin - palladin - alpha-actinin
networks on the crosslinker concentrations. We use confocal microscopy to im-
age crosslinked actin networks in three dimensions and determine the pore size
distributions of these networks. Using bulk rheometry, we measure the linear as
well as non-linear response of crosslinked actin gels to imposed shear stresses.
We find that under certain conditions, these two proteins can enhance network
stiffness and that the presence of alpha-actinin can affect the network’s concen-
tration dependence on palladin and vice versa. These studies reveal the condi-
tions under which mutually interacting actin crosslinkers act redundantly or
synergistically to determine the mechanical integrity of the cell and its ability
to sense the physical environment.
3217-Pos Board B322
Strain Stiffening Induced by Molecular Motors in Active Crosslinked
Biopolymer Networks
Peng Chen, Vivek B. Shenoy.
We have studied the elastic response of actin networks with both compliant
and rigid crosslinks by modeling molecular motors as force dipoles. Our fi-
nite element simulations show that for compliant crosslinkers such as filamin
A, the network can be stiffened by two orders of magnitude while stiffening
achieved with incompliant linkers such as scruin is significantly smaller, typ-
ically a factor of two, in excellent agreement with recent experiments. We
show that the differences arise from the fact that the motors are able to stretch
the compliant crosslinks to the fullest possible extent, which in turn causes to
the deformation of the filaments. With increasing applied strain, the filaments
further deform leading to a stiffened elastic response. When the crosslinks
are incompliant, the contractile forces due to motors do not alter the network
morphology in a significant manner and hence only small stiffening is
observed.3218-Pos Board B323
Filamin a Segments Respond Force Differently
Hu Chen, Xiaoying Zhu, Michael Sheetz, Fumihiko Nakamura, Jie Yan.
Although the magnetic tweezers has many unique advantages in terms of
specificity, throughput and force stability particularly for studying protein re-
folding, magnetic tweezers has had limited application because accurate mea-
surement of force has been difficult for short tethers. Here, we report a novel
method that allows us to apply magnetic tweezers to stretch short bio-
molecules with accurate force calibration over wide range up to ~ 100 pN.
We apply this method to study unfolding and refolding dynamics of protein
Filamin A.
Filamin A protein cross-links actin fiber and binds with many transmembrane
and cellular signaling proteins. By using magnetic tweezers, it was found that
domains 16-23 can response to force smaller than 10 pN, while domains 1-8
needs force bigger than 20 pN to be unfolded. As some structures in segment
domains 16-23 can be unfolded by forces smaller than 10 pN, it indicates
that the auto-inhibited binding site can be exposed by physiological relevant
forces. The possible force sensor function of Filamin A is supported by the ex-
periment. After Filamin A was unfolded, its refolding process was recorded as
sudden drop of extension under force ~ 5 pN.
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Measurement and Origin of a Force that Pushes and Pulls the Plasma
Membrane
Brenda Farrell, Feng Qian, Anatoly B. Kolomeisky, Bahman Anvari,
William E. Brownell.
We report the measurement of a dynamic force that pulls and pushes the
plasma membrane in a living cell. We form long F-actin filled membrane
tubes from a cell and monitor the axial membrane force by use of laser twee-
zers where the optically trapped bead is attached to the end of the tube. We
observe a sawtooth force (up to 75 pN in magnitude) that rides on top of
the stationary force (~10-15 pN). The sawtooth force increases slowly (tens
of seconds) and decays rapidly back (tens of ms) to the stationary value.
This sawtooth force was not detected after addition of drugs that bind to
the barbed end of actin filaments, but it was insensitive to drugs that affect
microtubules and myosin II. We determine the force per working object is
3 to 5 pN, with 15 to 30 working objects in the tube, from the magnitude
and direction of the discrete force. We calculate a length of ~ 3 to 6 nm
from the measured force per working object and the time course of the force;
this is equivalent to G-actin subunit half- and full-lengths. We propose the de-
tected objects are working-actin filaments and the rise and decay phases of the
sawtooth force are due to depolymerization and polymerization of actin. Our
data supports a type of end-tracking motor model that operates in both the for-
ward (polymerization) and reverse (depolymerization) directions; linker pro-
teins attach the actin filaments to the membrane and transduce the chemical
energy of polymerization and depolymerization to the mechanical motion
of the membrane. Theory predicts that the actin motor should work in both
directions. Our data provides experimental evidence that depolymerization
of actin pulls the plasma membrane.
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An Autocatalytic Activator-Inhibitor Model of Actin Polymerization at the
Leading Edge of Fibroblast Lamellipodia
Gillian L. Ryan, Matthew B. Smith, Heather Petroccia, Naoki Watanabe,
Dimitrios Vavylonis.
Crawling animal cells are driven by lamellipodia – thin, dynamic, sheet-like
projections consisting of a dense network of branched actin filaments. Arp2/3
complex mediated actin polymerization near the leading edge drives protru-
sion required for cellular motility. Actin filaments polymerize near the lead-
ing edge and undergo retrograde flow towards the main body of the cell. Both
random fluctuations and travelling waves of protrusion and retraction have
been observed during cell spreading. To characterize the protrusion rates of
XTC fibroblasts we use active contours to track the leading edge of cells.
We then calculate the correlation between local actin and Arp2/3 complex ac-
cumulation and cell protrusion rate as measured from conventional fluores-
cent microscopy. We also use quantitative fluorescent speckle microscopy,
which allows us to track the dynamics of individual proteins within the actin
network and measure quantities such as the retrograde flow rate. We present
a noise-driven model of these actin-mediated protrusion events in which a dif-
fusive, autocatalytic activator mediates actin polymerization, while actin sat-
uration in turn inhibits further activator accumulation. Using analytic theory
we find that our model captures both excitable and oscillatory behaviors, and
can be tuned between the two behaviors by adjusting model parameters.
Using computer simulation we are able to produce patterns of actin
